Introduction {#sec1}
============

Intraductal papillary neoplasm of the bile duct (IPNB) is considered a distinct bile duct tumor, with a wide spectrum of disease from benign to malignant \[[@cit0001]\]. At presentation, patients can present with various stages of disease, needing different treatments \[[@cit0001], [@cit0002]\]. We classified IPNB according to its morphology on pre-operative imaging in order to predict the likelihood of malignancy and lymph node involvement. There, however, remains heterogeneity within the same IPNB morphology \[[@cit0002]\] -- hence the critical need for predictive markers that can assist in planning IPNB surgery.

The neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio (PLR) are inflammatory markers \[[@cit0003]\] which have been correlated with poor survival in many malignancies \[[@cit0004]-[@cit0007]\]. Both markers, moreover, have been verified as predictive of intraductal papillary mucinous neoplasms (IPMN-P) \[[@cit0008], [@cit0009]\], which is considered the pancreatic counterpart of IPNB. There has, however, been no study on the role of NLR and PLR for predicting the malignancy of IPNB.

To achieve a better understanding of the utility of NLR and PLR as predictive markers in IPNB, we investigated the association between the likelihood of malignancy and lymph node involvement in IPNB as a guide to the treatment of IPNB.

Material and methods {#sec2}
====================

Patient {#sec2.1}
-------

Patients undergoing hepatic resection for pathologically confirmed IPNB at Srinagarind Hospital, Khon Kaen University between January 2007 and December 2011 were identified from a prospectively maintained pathological database. In the current study, IPNB included both benign and malignant pathologically confirmed papillary tumors, within grossly dilated bile ducts, and the presence of a fibrovascular core upon microscopy. Accordingly, the intraductal growth type of intrahepatic cholangiocarcinoma and the papillary type of extrahepatic cholangiocarcinoma were included as malignant IPNB. We reviewed clinical and laboratory parameters including age, sex, liver function test, tumor markers, white blood cells and differential count, and preoperative imaging features.

In the study, we used our proposed classification of IPNB to define the utility of NLR and PLR according to the morphology of the IPNB \[[@cit0002]\]. We categorized IPNB into 5 classes: class I -- classical intrahepatic IPNB (presence of an intraductal tumor with unilateral intrahepatic duct dilatation); class II -- extrahepatic IPNB (presence of an intraductal tumor with bilateral intrahepatic duct dilatation); class III -- cystic variant (cystic tumor with a papillary tumor inside and the presence of bile duct communication); class IV -- micro-papillary lesion (disproportional bile duct dilatation in the absence of any discernible tumor); and class V -- macroinvasion (presence of a mass-forming tumor incorporated with intraductal tumor) \[[@cit0002]\].

Resectability was evaluated using cross-sectional imaging before surgery (i.e., computed tomography and magnetic resonance imaging). All surgical operations were planned to achieve gross tumor removal as a minimum. All surgical specimens were sent to the Department of Pathology for diagnosis and staging.

Neutrophil-to-lymphocyte ratio and the platelet-to-lymphocyte ratio {#sec2.2}
-------------------------------------------------------------------

All white blood cell and differential counts were taken on the day prior to surgery. None of the patients had any signs of infection at the time the specimen(s) were taken. NLR was calculated as the ratio of the neutrophil counts divided by the lymphocyte counts and the PLR was the ratio of platelet counts divided by the lymphocyte counts.

Ethical consideration {#sec2.3}
---------------------

The Institutional Review Board (IRB), Office of Human Research Ethics, Khon Kaen University, reviewed and approved the present study (HE591513).

Statistical analysis {#sec2.4}
--------------------

Continuous variables were reported as means (±SDs), medians (minima : maxima). Categorical variables were reported as a whole number and percentage. Survival analysis was performed using the Kaplan-Meier analysis. Patients who died from other causes or had peri-operative death (defined as death within 30 days after surgery) were censored from the analysis. Comparisons among groups were analyzed using a log-rank test. Calculation of NLR and PLR was performed by plotting the respective receiver operating characteristic curve in order to assess the capacity of the index to predict the invasiveness of IPNB and lymph node involvement. A *p*-value of \< 0.05 was considered statistically significant. All statistical analyses were performed using STATA version 13. (Lakeway, TX, USA).

Results {#sec3}
=======

Demographic data {#sec3.1}
----------------

A total of 112 patients underwent liver resection for pathologically confirmed IPNB. There were 75 men (67%) and 37 women (33%), but there was no difference in the sex distribution between benign and malignant IPNB. The mean age at diagnosis was 59.3 years (SD = 8.8). The mean age of benign IPNB was slightly higher than that in the malignant group (62.1 vs. 59.0). According to our proposed classification, most of the IPNBs in the study were class I (intrahepatic intraductal IPNB). There was no benign IPNB in class II (extrahepatic IPNB) or class V (macro-invasive IPNB). In order to normalize serum bilirubin before surgery, the patients with obstructive jaundice, only the patients with extrahepatic IPNB (class II), received preoperative biliary drainage. The respective median serum bilirubin level for IPNB class I, II, III, IV and V was 0.5, 1.9, 0.4, 0.4 and 0.4 mg/dl. The comparison of clinical data between benign and malignant IPNB is summarized in [Table 1](#t0001){ref-type="table"}.

###### 

Clinico-pathologic characteristics according to level of invasiveness of IPNB (benign vs. malignant)

  Clinico-pathologic variables   Benign (*n* = 17)     Malignant (*n* = 95)
  ------------------------------ --------------------- ----------------------
  Age (years)                                          
   \< 60                         7 (41.2%)             51 (53.7%)
   ≥ 60                          10 (58.8%)            44 (46.3%)
   Mean ±SD                      62.1 ±9.5             59.0 ±8.8
  Sex                                                  
   Male                          13 (76.5%)            62 (65.3%)
   Female                        4 (23.5%)             33 (34.7%)
  Liver enzymes                  *n* = 17              *n* = 88
   Median (min : max)                                  
   AST (IU/l)                    32 (17 : 186)         33 (12 : 303)
   ALT (IU/l)                    39 (15 : 345)         32 (4 : 521)
   ALP (IU/l)                    92 (53 : 451)         153 (50 : 817)
  CA 19-9 (µg/ml)                *n* = 12              *n* = 76
   Median (min : max)            32 (0.6 : 1000)       29 (0 : 6510)
  Hepatectomy                                          
   Right/Extended right          8 (47.1%)             52 (54.7%)
   Left/Extended left            9 (52.9%)             43 (45.3%)
  LN dissection                                        
   Yes                           11 (64.7%)            77 (81.1%)
   No                            6 (35.3%)             18 (18.9%)
  Class of IPNB                                        
   Class I                       8 (47.0%)             42 (44.2%)
   Class II                      0 (0.0%)              12 (12.6%)
   Class III                     2 (11.8%)             3 (3.2%)
   Class IV                      7 (41.2%)             8 (8.4%)
   Class V                       0 (0.0%)              30 (31.6%)
  NLR                                                  
   Median (min : max)            2.03 (1.08 : 12.29)   2.88 (0.52 : 22.5)
  PLR                                                  
   Median (min : max)            98.3 (12.4 : 330.7)   157.0 (21.1 : 1027)

Utilities of neutrophil-to-lymphocyte ratio, the platelet-to-lymphocyte ratio {#sec3.2}
-----------------------------------------------------------------------------

The respective median NLR for benign and malignant IPNB was 2.03 (1.08 : 12.29) and 2.88 (0.52 : 22.5). The respective median PLR for benign and malignant IPNB was 98.3 (12.4 : 330.7) and 157.0 (21.1 : 1027). The distribution of NLR and PLR between the benign and malignant IPNB is presented in [Figure 1](#f0001){ref-type="fig"}. Further analysis revealed no statistically significant difference between NLR and PLR. The respective ability of NLR and PLR to predict malignant IPNB was assessed using the area under the receiver operator characteristic curve ([Fig. 2](#f0002){ref-type="fig"}). For NLR, the area under the ROC curve was 0.662, with the best cut-off point of 2.74 (with a respective sensitivity and specificity of 54.7% and 82.4%). The specificity increased to 100% using a cut-off point of 12.7. For PLR, the area under the ROC curve was 0.763, with the best cut-off point of 130 (with a respective sensitivity and specificity of 67.4% and 88.2%).

![Box plot of (**A**) NLR and (**B**) PLR distribution between benign and malignant IPNB](CEH-5-37558-g001){#f0001}

![Receiver operating characteristics (ROC) curve for prediction of malignant IPNB of (**A**) NLR and (**B**) PLR](CEH-5-37558-g002){#f0002}

We further explored the respective utility of NLR and PLR for predicting malignancy and likelihood of lymph node metastasis of the IPNB as per the morphologic classification ([Table 2](#t0002){ref-type="table"}). Amongst our group of patients extrahepatic IPNB (class II) and macro- invasive IPNB (class V) were all malignant, and there was no lymph node metastasis among patients with cystic IPNB (class III). As for micro-papillary IPNB (class IV), both NLR and PLR very well predicted the likelihood of malignancy and lymph node metastasis. For prediction of malignancy, the best cut-off for NLR was 1.53, providing a respective sensitivity and specificity of 87.5% and 71.4% (area under ROC = 0.78). By comparison, the best cut-off for PLR was 118.3, providing a respective sensitivity and specificity of 75% and 85.7% (area under ROC = 0.88). For prediction of lymph node involvement, both NLR and PLR provided a sensitivity and specificity of 100% at a respective cut-off of 4.59 and 217 (area under ROC curve 1.0) ([Fig. 3](#f0003){ref-type="fig"}).

###### 

Area under ROC curve for predicting malignant IPNB and lymph node involvement

  Class            Area under curve of predictors   
  ---------------- -------------------------------- --------
  Malignant IPNB                                    
   1               0.4777                           0.6190
   2               --                               --
   3               0.5000                           0.5000
   4               0.7679                           0.8750
   5               --                               --
  LN involvement                                    
   1               0.3417                           0.4917
   2               0.5185                           0.5926
   3               --                               --
   4               1.0000                           1.0000
   5               0.6184                           0.5329

![Receiver operating characteristics (ROC) curve for prediction of micro-papillary IPNB. **A, B**) Prediction of malignant micro-papillary IPNB; **A**) NLR and (**B**) PLR. **C, D**) Prediction of lymph node involvement in micro-papillary IPNB, **C**) NLR and (**D**) PLR](CEH-5-37558-g003){#f0003}

Patient survival {#sec3.3}
----------------

At the median follow up of 92.9 months, the respective 1-, 3-, and 5-year survival rate was 87.4% (95% CI: 79.7-92.3), 65.8% (95% CI: 56.1-73.8), and 47.6% (95% CI: 38.0-56.5). The median overall survival was 58.6 months (95% CI: 43.9-74.5). A PLR of \> 130 predicted the poorest overall survival, such that the median overall survival of those with a PLR \< 130 was 86.4 months compared with 45.0 months for those with a PLR \> 130 (*p* = 0.02). There was no association between NLR and overall survival ([Fig. 4](#f0004){ref-type="fig"}, *p* = 0.44).

![Kaplan-Meier survival curve of IPNB patients treated by hepatic resection with respect to (**A**) NLR and (**B**) PLR](CEH-5-37558-g004){#f0004}

Discussion {#sec4}
==========

The study established that NLR and PLR can be used as predictive markers for IPNB. PLR seems to be better than NLR for all predictions, including for malignancy, lymph node involvement, and patient survival. The ability of prediction was increased if these markers were used in conjunction with the radiological appearance of the tumor.

NLR and PLR are inflammatory markers known to be associated with invasive cancer in many tumors, especially IPMN \[[@cit0008], [@cit0009]\], which is considered the pancreatic counterpart of IPNB \[[@cit0010], [@cit0011]\] and both develop from the endoderm foregut almost at the same time. Interestingly, the lining epithelia of the bile duct and main pancreatic duct show similar morphologies and phenotypes, and both are accompanied by periductal glands. Furthermore, the exocrine pancreatic acini are remnantly found in the peribiliary glands. Based on these findings, it seems plausible that the biliary tract has features of pancreatic elements in addition to the duct system, which is specialized for the drainage of bile secreted by hepatic parenchyma, particularly, hepatocytes. Interestingly, some pancreatic and biliary diseases show similar pathological features and even biological behaviors. For example, extrahepatic cholangiocarcinoma and ductal adenocarcinoma of the pancreas share many clinicopathological features. Both of them are hypothesized to arise from similar preneoplastic and early neoplastic intraepithelial lesions. Intraductal papillary tumors, with frequent mucin hyperproduction, develop in the pancreas (intraductal papillary mucinous neoplasm. In the current study, PLR was found to be slightly more effective than NLR. Both NLR and PLR provided less predictive ability if they were used to predict all types of IPNB regardless of morphology. However, vis-à-vis micro-papillary IPNB (class IV in our classification), the predictive ability of both markers was high, possibly because the markers were increased from both the tumors and an intrinsic response to other causes (i.e., infection) \[[@cit0003]\]. As with tumors, those least likely to cause biliary obstruction, (e.g., micro-papillary lesion), they may gain benefit from using the inflammatory markers as predictive markers. NLR and PLR were also found to be less effective vis-à-vis extrahepatic cholangiocarcinoma compared with intrahepatic cholangiocarcinoma \[[@cit0007], [@cit0012]-[@cit0016]\]. Moreover, according to our classification, some classes (extrahepatic, IPNB with liver invasion) have a very high likelihood of malignancy. In cystic IPNB, there was no lymph node involvement \[[@cit0002]\], and the markers are less useful. We thus recommend that, before using these inflammatory markers, the likely tumor should be predetermined according to the radiologic appearance.

The role of routine lymph node dissection for IPNB is not established \[[@cit0001], [@cit0017]\]. This slowly progressing tumor may derive some benefit from lymph node dissection \[[@cit0018]\]; however, based on a previous study, the survival benefit of routine lymph node dissection could not be demonstrated, owing to the very low rate of lymph node involvement \[[@cit0001]\]. We performed further analysis and found that in IPNB with liver invasion (class V), the rate of lymph node involvement approached 30% \[[@cit0002]\], and lymph node dissection yielded a survival benefit (unpublished). We had recommended that routine lymph node dissection be performed for extrahepatic IPNB and IPNB with liver invasion \[[@cit0002]\]. For other classes, if lymph node involvement could be predicted in IPNB, patients who would be suitable for lymph node dissection could be selected. Thus, using NLR and PLR, the dissection of regional lymph node is recommended if NLR is \> 22.5 or PLR is \> 1,027 (specificity 100%; data not shown) for intrahepatic IPNB (class I), and NLR \> 4.59 or PLR \> 217 for micro-papillary IPNB (class IV).

To the best of our knowledge, this is the first study determining the utility of NLR and PLR for IPNB. There were various types of IPNB included in the study and the utility of the markers was analyzed according to the respective radiologic appearance of the tumor. Some limitations should be considered. First, because of the retrospective nature of the data, selection bias is possible. All of the patients in the current series were surgically resected, so we have no comparison with non-resected patients. Second, when we analyzed the tumors according to morphology, the sample size for some classes was quite small. Third, despite careful selection of blood samples, the level of inflammatory markers may be affected by many conditions. Finally, the nature of IPNB may vary around the world.

Conclusions {#sec5}
===========

The current study provides an assessment of the utility of NLR and PLR as predictive markers for IPNB. Both markers could predict malignancy, lymph node involvement, and patient survival. PLR performed better than NLR in all categories. The markers worked very well for micro-papillary IPNB. We recommend using these markers in conjunction with the radiologic appearance of the tumors.
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